The Earth underwent several snowball glaciations between 1,000 and 542 Myr ago. The 9 termination of these glaciations is thought to have been triggered by the accumulation of volcanic 10 
The Neoproterozoic era (1000-542Ma) is punctuated by at least three glaciations [9] , the 24 severe low-latitude Sturtian and Marinoan episodes being proposed as examples of `Snowball Earth' 25 events [1, 10] . Figure 1 displays Neoproterozoic carbonate carbon isotope data [7] , which shows a 26 quasi-periodic pattern. Negative excursions associated with glaciation appear at ~50 Myr intervals 27 between long periods of positive fractionation. The long interval between glaciations poses a puzzle 28 given the standard model of a snowball Earth being terminated by very high CO 2 and temperature. 29
The time taken to restore equilibrium after such a perturbation depends on the rate of CO 2 30 drawdown via silicate weathering, a process that would be greatly enhanced in the aftermath of 31 snowball Earth. Highly weatherable rock flour produced by glacial grinding would likely cover a large 32 surface area, and increased temperature and runoff should allow for an elevated weathering flux. 33
Linked GCM and kinetic weathering models have determined the maximum weathering rate in this 34
climate to be on the order of 10 times the modern day flux, implying a timescale of around 10 6 years 35 to reduce atmospheric CO 2 to pre-glacial levels [4] . Based on these results, we would expect the 36 system to establish equilibrium in a time far shorter than the interglacial periods following the 37 Sturtian and Marinoan glaciations. 38
Here we propose that the timescale for CO 2 drawdown following a snowball glaciation 39 should be extended due to transport limitation of the silicate weathering process. that the continents would have remained near low latitudes until 600Ma [22], after which they begin 100 to drift to higher latitudes, relaxing the forcing. 101
To investigate this possible mechanism we parameterise a runaway ice-albedo feedback in 102 our model by imposing a change in albedo when temperature falls below a given value T crit, . 103
Assuming the classic snowball scenario [23], we choose T crit, = 283K and allow deglaciation at 263K. 104
Because deglaciation begins in the tropics, it is assumed to occur at lower temperature than is 105 required for the ice sheets to initially advance. Throughout this work we assume a solar constant for 106 650Ma (1298 Wm We use output from the CO2SYS model [25] to approximate the atmospheric fraction of 118 total ocean and atmosphere CO 2 , assuming that there is gas exchange between atmosphere and 119 ocean during glaciation [1] . The total solubility of CO 2 is higher in cold water than warm water, 120 therefore deglaciation causes a large transfer of CO 2 from ocean to atmosphere. 121
The solid line for δ 13 C shows the isotopic fractionation of marine carbonates, assuming the 122 fractionation effect on burial takes into account the equilibrium fractionation between oceanic and 123 atmospheric carbon, and a dependence on temperature, as in the full COPSE model [6] . The dashed 124 line shows an alternative solution where fractionation effects are constant. Both treatments yield a 125 continued positive fractionation during the interglacial period due to elevated burial of light organic 126 carbon, due in turn to sustained above-average nutrient fluxes from weathering. Higher assumption 127 of W max increases nutrient delivery and therefore also increases fractionation. Low productivity 128 during glaciations causes a negative excursion. We do not expect a simple model such as this to 129 replicate exactly the isotope record. Negative excursions preceding glaciation are not reproduced by 130 our model, and may be due to direct temperature effects on productivity, which are not included. 131
Our aim is to demonstrate that the extended period of system disequilibrium following a snowball 132 glaciation should contribute to prolonged positive excursions in δ 13 C, and more complex analysis is 133 required to fully understand the Neoproterozoic carbon cycle. 134
With the imposition of a suitable long term maximum weathering rate, oscillations in this 135 simple carbon -climate model can provide a qualitative fit to the sequence of glaciations and carbon 136 isotope variations in the Neoproterozoic. The globally transport limited scenario presents a 137 prolonged period of elevated primary productivity, which would support suggested increases in 138 oxygen concentration and phosphorous deposition over this time [7, 8, [26] [27] [28] [29] . There is evidence for 139 phosphorous deposition after the Marinoan glaciation but not after the Sturtian. 140
It is important to note that the mechanism we describe relies on a particular interpretation 141 of the Neoproterozoic period, namely the Snowball Earth hypothesis [1, 10] . It is possible that the 142 Neoproterozoic actually contained more frequent smaller glaciations, which would not terminate via 143 a high CO 2 'super greenhouse'. Due to our long timeframe for CO 2 drawdown, our prediction is 144 highly testable, with for example one recent study proposing a rapid decline in CO 2 following the 145 Marinoan glaciation [30] . Further work to establish the duration of any post-glacial greenhouse may 146 thus enable validation or falsification of mechanisms to explain these fascinating events.
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